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The human papillomaviruses (HPVs) are epitheliotropic viruses that require the environment of a differ-
entiating squamous epithelium for their life cycle. HPV infection through abrasion of the skin or sexual
intercourse causes benign warts and sometimes cancer. HPV DNA detected in the blood has been interpreted
as having originated from metastasized cancer cells. The present study examined HPV DNA in banked, frozen
peripheral blood mononuclear cells (PBMCs) from 57 U.S. human immunodeficiency virus (HIV)-infected
pediatric patients collected between 1987 and 1996 and in fresh PBMCs from 19 healthy blood donors collected
in 2002 to 2003. Eight patients and three blood donors were positive mostly for two subgroups of the HPV type
16 genome. The HPV genome detected in all 11 PBMC samples existed as an episomal form, albeit at a low
DNA copy number. Among the eight patients, seven acquired HIV from transfusion (three associated with
hemophilia) and one acquired HIV through vertical transmission; this patient also had received a transfusion
before sampling. Our data suggest that PBMCs may be HPV carriers and might spread the virus through

blood.

Sexual transmission of and infection with human papilloma-
viruses (HPVs) are widely recognized as a cause of anogenital
warts and cervical cancer. The infection through abrasion of
the skin or sexual intercourse is initiated when a viral particle
gains entry into a basal epithelial cell. While all cells of a wart
contain the viral genome, viral gene expression and multipli-
cation occur exclusively in the nuclei of the infected cells and
are tightly linked to the state of differentiation of the cells. In
basal and parabasal cells, viral DNA replicates at a low level as
an episome and only early genes are transcribed. Extensive
viral DNA multiplication and transcription of all viral genes as
well as capsid formation occur only in the most superficial
layers of the epithelium (14). It has been widely accepted that
HPVs are not disseminated to other sites by blood, i.e., there
is no viremic phase in the course of HPV infection. However,
successful transmission of bovine papillomavirus type 2 from
peripheral blood (35) raises the possibility that HPVs might in
some circumstances be spread via a hematogenous route. In
addition, HPV DNA can be detected in the peripheral blood
mononuclear cells (PBMCs) (29), sera (22), or plasma (9) of
patients with cervical cancer or HPV-associated head and neck
squamous cell carcinoma (5). It should therefore be considered
whether PBMCs might serve as a carrier of HPV during the
course of HPV infection.

Women with human immunodeficiency virus (HIV) infec-
tion have a high prevalence of cervical HPV infection and
cervical cancer (10, 36). Although both HIV and HPV are
sexually transmitted and this could partly account for the
higher prevalence of HPV infection in HIV-positive patients,
HIV-associated immunosuppression might contribute to reac-
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tivation of preexisting HPV infection and predispose patients
to progression to high-grade squamous intraepithelial lesions
(1, 25). Also, HIV infection of CD4 ™ cells might hypothetically
reactivate HPV within the PBMCs if the HPV genome resides
in the cells.

In this report, we have examined HPV DNA in PBMCs
obtained from HIV-infected pediatric patients and healthy
blood donors. Our data document that the HPV genome is
associated with PBMCs and hence could potentially be spread
through blood transfusion.

MATERIALS AND METHODS

PBMC acquisition and DNA extraction. To determine the presence of HPV
infection in PBMCs, a total of 76 banked, frozen PBMC samples obtained
between 1987 and 1996 from 57 U.S. pediatric patients with vertical or transfu-
sion-acquired HIV infection, with a median age of 13.2 years (Table 1), enrolled
in National Cancer Institute (NCI) Institutional Review Board-approved proto-
cols, were analyzed. All clinical blood specimens obtained from pediatric patients
were obtained by nurses or phlebotomists wearing gloves. PBMCs were isolated
from clinical specimens by the standard Ficoll-Hypaque gradient separation
technique and cryopreserved in a vapor-phase liquid nitrogen storage freezer. A
total of 24 PBMC samples from 19 healthy blood donors without clinical com-
plaints at the time of donation were also collected from the NIH Clinical Center
blood bank over a period of 6 months in 2002 to 2003 and were isolated by a
centrifugal elutriation technique performed by the Cell Processing Section of the
NIH Clinical Center blood bank. For HIV-positive samples, all PBMC samples,
each at >2 X 10°, were randomly coded and blinded, with random duplications
as internal controls. DNA samples were extracted directly from PBMCs by brief
centrifugation and homogenized in 1 ml of DNAzol (Molecular Research Cen-
ter, Inc., Cincinnati, OH) according to the manufacturer’s protocol. The isolated
DNA was dissolved in ~500 pl of 8 mM NaOH and adjusted to pH 7.0 with 1 M
HEPES. Various precautions were taken to minimize sample-to-sample cross-
contamination, including limiting HIV-PBMC sample processing and DNA ex-
traction to a maximum of 10 samples per day.

HPV DNA detection and sequencing. Detection of HPV L1 and HPV type 16
(HPV16) E2 and E6 genes either from randomly coded and blinded PBMC DNA
samples or from blood donor PBMC DNA samples was performed by nested
PCR as described previously (3). After the PCR products for L1 were sequenced
and an HPV type was confirmed, two sets of HPV type-specific E6 and E2
primers for nested PCR were further applied for HPV type-specific detection
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TABLE 1. Demographic characteristics and prevalence of HPV DNA in PBMCs of pediatric HIV patients and healthy blood donors

No. (%) of patients or donors®

Characteristic P
Total HPV-pos HPV-neg
Pediatric HIV patients 57 8 49
Mode of HIV acquisition
Transfusion 17 4(23.5) 13 (76.5) 0.35*
Hemophilia 21 3(14.3) 18 (85.7)
Vertical 19 1(5.3) 18 (94.7)
CD4 count/mm?
Minimal (>500) 4 0 4 0.78**
Moderate (200-500) 10 2(20) 8 (80)
Severe (<200) 43 6(14) 37 (86)
Gender
Male 40 5(125) 35(87.5) 0.68%**
Female 17 3(17.6) 14 (82.4)
Age? (yr)
=13 27 3(11.1) 24 (88.9) 0.38 % *
>13 30 5(16.7) 25(83.3)
Healthy blood donors 19 3 16
Gender
Male 16 2(125) 14 (87.5) 0.427%%*
Female 3 1(33.3) 2 (66.7)
Race
White 11 0 11 0.06%**
Black 8 3(37.5) 5(62.5)
Age? (yr)
20-35 8 3(37.5) 5(62.5) 0.08%#**
=36 11 0 11 (100)

“ HPV-pos and HPV-neg, HPV positive and negative, respectively.

® Two-tailed P value for HPV positive versus HPV negative. *, by Mehta’s version of Fisher’s exact test for all three acquisition categories versus HPV positivity. P
= 0.25 by Fisher’s exact test for vertical versus transfusion/hemophilia acquired: odds ratio = 0.25 (95% exact confidence interval, 0.005 to 2.22). **, by exact
Cochran-Armitage trend test. ***, by Fisher’s exact test. ****, by Wilcoxon rank sum test.

¢ P = 1.00 for 8/57 versus 3/19 HPV positive in pediatric HIV patients versus healthy blood donors.

4 Median ages, in years, with ranges in parentheses, were as follows: for total, HPV-positive, and HPV-negative pediatric HIV patients, 13.2 (2 to 29), 13.3 (10 to
18), and 13.0 (2 to 29), respectively; for total, HPV-positive, and HPV-negative healthy blood donors, 36 (23 to 71), 34 (23 to 35), and 40.5 (29 to 71), respectively.

and sequencing. By combining the detection for L1, E2, and E6 genes that cover
the two ends and middle part of the virus genome, this strategy allowed us to
analyze whether a full-length HPV genome existed in the PBMCs. Head-to-tail
junctions of HPV genomes were further analyzed to determine the presence of
an episomal HPV genome as detailed in Fig. 3. Two sets of HPV16-specific
primers for nested PCR were used for the detection, including two forward
primers, Pr7581 (5'-CACTGCTTGCCAACCATTCC-3") and Pr7677 (5'-GCC
AACGCCTTACATACCG-3'), and two backward primers, Pr128 (5'-GTCGC
TCCTGTGGGTCCTG-3') and Pr223 (5'-ACGTCGCAGTAACTGTTGC-3).

Gel-purified PCR products with the expected sizes were used as DNA tem-
plates in cycle-sequencing reactions (BigDye Terminator cycle sequencing kit;
Applied Biosystems, Foster City, CA) from two different directions. Sequencing
reaction mixtures were purified using Centricep Spin columns (Princeton Sepa-
rations, Adelphia, NJ) and were run in the Applied Biosystems model 377
sequencing apparatus. Sequence data compiled were analyzed using Sequencher
sequence analysis software (Gene Codes Corp., Ann Arbor, MI).

Validation of PCRs. Each DNA sample was screened for the presence of
human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) DNA by PCR
amplification with a primer set as previously described (3). This primer set
amplifies a 496-bp product and provides an indication of good DNA quality for
each sample. For HPV detection, two water controls were also included for both
first-run and nested PCR. If either of the two water controls yielded a false
positive in the nested PCR, the whole set of PCRs and nested PCRs were
restarted. A sample was deemed to be HPV positive if it yielded PCR products
at least twice in a total of three repeats with the expected sizes for both L1 and
E6 that could be further confirmed by DNA sequencing. This high stringency

allowed us to exclude any possibility of laboratory cross-contamination in the
nested PCR. Sample unblinding was then performed after completion of the
detection and sequencing.

RESULTS

Presence of HPV genome in PBMCs of pediatric HIV pa-

tients. Of the 76 samples from 57 pediatric HIV patients, 10
samples (two duplicates from the same draw date) from eight
patients were positive for HPV16 DNA (Fig. 1). Of the eight
patients (14%) with HPV detected, seven had transfusion-
acquired HIV (three associated with hemophilia) and one had
vertical infection with a history of transfusion before sampling
(Table 1). Although there was no significant difference in this
small study in the rate of HPV DNA detection according to the
patients’ mode of HIV acquisition (P = 0.35) or in the overall
ages of patients with or without HPV (P = 0.38), the data
suggest that the PBMC HPV DNA in these patients might be
acquired through blood products. Among those eight patients
with PBMC HPV DNA, three were 13 years of age, two 11, one
14, one 17, and one 18 years of age when the blood samples
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FIG. 1. Electrophoretic profiles of HPV L1 and HPV16 E6 DNA
products amplified from banked PBMCs of pediatric HIV patients
(A) and from PBMCs of healthy blood donors (B). HPV L1 and
HPV16 E6 genes were detected, respectively, from purified total
PBMC DNA by nested PCR with primer sets as described previously
(3). PCR amplification was performed as described previously (3) with
a primer set for the human GAPDH gene serving as a DNA quality
control for each sample. Gel images are representatives of amplified
products analyzed with an Agilent 2100 Bioanalyzer. Shown on the top
of each panel are patient sample numbers, water controls, and HPV18
DNA (for L1) as well as HPV16 DNA (for E6) controls. Numbers at
left of panels are molecular sizes in base pairs.

== GAPDH

were drawn. According to clinical history, all of the HPV-
positive pediatric patients were sexually naive at that time.

Analysis of 19 duplicate samples from 13 patients with more
than one sample tested showed that five patients had duplicate
samples with the same results, with two duplicates positive and
three duplicates negative for HPV DNA, indicating reliable
HPV DNA detection. Other patients with samples from dif-
ferent time points, including samples from two patients posi-
tive for HPV DNA, were negative for HPV DNA at another
draw date at least 5 months distant, implying a fluctuation of
HPV DNA levels in HIV patients’ PBMCs. All eight patients
with PBMC HPV DNA had moderate (two patients) or severe
(six patients) immune suppression (Table 1).

Detection of HPV genome in PBMCs of healthy blood do-
nors. To further explore the possibility that blood transfusion
could be a source of acquired PBMC HPV DNA, we obtained
24 PBMC samples from 19 healthy blood donors over a period
of 6 months and examined them for HPV DNA using the same
HPV DNA detection strategy as described above. Three do-
nors (15.8%) were also positive for HPV16 DNA in their
PBMC:s (Table 1; Fig. 1). Interestingly, two donors with mul-
tiple samples at different time points were documented to have
HPV16 DNA only once, again suggesting that detection of
HPV16 DNA in PBMCs may be transient.

PBMCs carry an episomal HPV genome. To determine the
physical status of HPV DNA detected in the PBMCs, the
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FIG. 2. Detection of intact HPV16 E2 gene in all of 11 HPV16-
positive PBMCs. Total PBMC DNA was detected by nested PCR with
HPV16 E2 primer sets as described previously (3). (A) Intact E2 in
pediatric HIV patients with HPV-positive PBMCs. (B) Intact E2 in
healthy blood donors with HPV-positive PBMCs. Shown on the top of
each panel are patient (A) or donor (B) sample numbers and water
controls. Lanes M, molecular size markers (sizes at left in base pairs).

HPV16 E2 gene from all 11 HPV16 DNA-positive PBMCs was
examined. In general, an intact E2 gene is disrupted upon HPV
integration, thus distinguishing the episomal form of HPV
DNA from the integrated form by detection of an intact E2
gene. Although it is indirect, amplification of the E2 region
indicates the presence of episomal HPV DNA in the PBMCs;
otherwise, it is assumed that the DNA has integrated (18, 39).
Using this approach, we demonstrated that all 11 HPV16
DNA-positive PBMC specimens had the intact HPV16 E2
gene (Fig. 2), suggesting that the detected HPV genome in the
PBMC:s is episomal.

To further confirm the presence of episomal HPV16 DNA
in the PBMCs, we detected the head-tail junctions of episomal
HPV16 genomes in assuming that an episomal genome should
be circular. We found that all of the 11 HPV16-positive PBMC
DNA samples from pediatric HIV patients and healthy blood
donors rendered an amplicon with correct sizes by nested PCR
with two sets of primers, the forward primers covering the end
of the HPV16 genome and the backward primers being posi-
tioned at the beginning of the genome (Fig. 3). All of the 11
amplicons were sequenced and showed a correct head-tail
junction (.. TAATACTAA-7906/1-ACTACAA. ... .. ), dem-
onstrating the existence of the circular (episomal) HPV16 ge-
nomes in the PBMCs.

Two subgroups of HPV genomes in PBMCs. Sequence anal-
ysis of all HPV16 E6 and E2 amplicons from PBMCs indicated
that they were European variants and amplified mainly from
two subgroups of the HPV16 genome that have not been
reported in genital or cervical variants and are different from
our laboratory strains (HPV16R, CaSki and SiHa) (Table 2),
convincingly indicating that the detected HPV16 DNA in
PBMC:s was not a result of cross-contamination in our labora-
tory. One subgroup (five isolates) has an A-to-T change at the
nucleotide (nt) 362 position in conjunction with a C-to-A
change at the nt 3684 position, subsequently resulting in a
missense mutation in the E6 (T87S) and E2 (T310K) proteins,
respectively. The other subgroup (four isolates) has prototype
HPV16R sequences in the corresponding positions, but three
of them have a T-to-G change at the nt 350 position, leading to
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FIG. 3. Detection of head-to-tail junctions of episomal HPV16 genomes in HPV16-positive PBMCs from pediatric HIV patients and healthy
blood donors. (A) Schematic diagram of circular, episomal HPV16 genome and relative positions of the PCR primers used in this study. Drawings
are not to scale. (B) Head-to-tail junction products amplified from individual HPV16-positive PBMC DNA samples by the nested PCR in which
the primers Pr7581 and Pr223 were used for the first PCR and the primers Pr7677 and Pr128 were used for the nested PCR. Shown on the top
of the gel are patient or donor sample numbers. HPV16-negative PBMC DNA samples (21 and 34) in Fig. 1 were used as negative controls. See
the description of GAPDH for DNA quality control in Fig. 1. Lane M, molecular size markers (sizes at left in base pairs).

an amino acid change (L83V) in the E6 protein. Two other
isolates from pediatric HIV patients could not be grouped: one
(patient 19) has the same nucleotide sequences at those posi-
tions as seen in CaSki HPV16, but the nucleotide sequence at
the nt 350 position could not be determined as a T or G in
multiple sequencing reactions, and the other (patient 33) had
all three nucleotide sequences identical to HPV16R at the
corresponding positions except the one at nt 362, at which an
A-to-T change leads to an amino acid change in the E6 (T87S).

DISCUSSION

There are two groups of HPVs based on clinical infection:
cutaneous HPVs and mucosal HPVs. These include approxi-
mately 200 types of HPVs that have less than 90% similarity

with each other at the nucleotide level (2, 26). Cutaneous HPV
infection, commonly via abrasion of skin, often causes benign
skin warts but, in some rare situations, has been associated
with skin cancer (30) and is usually related to HPV5 and HPV8
infection (24). Anogenital HPV infection is the most common
type of mucosal HPV infection acquired through sexual inter-
course. The oncogenic potential of high-risk HPVs, such as
HPV16, -18, and -31, has been well documented in the devel-
opment of anogenital cancer (27), particularly cancer of the
cervix (27, 33) and anus (11). Recent studies suggest that HPV
infection may play a role in the development of oral cancer (19,
32, 41), head and neck cancer (12, 31), esophageal cancer (34,
38), lung cancer (8, 16), and colorectal cancer (3, 7). In addi-
tion, other reports document the presence of HPV DNA in
prostatic tissue (46), sperm cells (20, 21), and breast cancer
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TABLE 2. Sequence variations in HPV16 E6 and E2 DNA obtained from PBMCs”

Source of HPV16 DNA

Nucleotide variation in HPV16 genome at nt:”

350 362 442 3684
PBMC:s of pediatric HIV patient:
14 G (V) A (T) A (E) C(T)
23 N A (T) A (E) C(T)
58 G (V) A (T) A (E) C(T)
19 N A (T) A (E) A (K)
16 G (V) T (S) A (E) A (K)
46 N T (S) A (E) A (K)
57 T (L) T (S) A (E) A (K)
33 T (L) T (S) A (E) C(T)
PBMC:s of heathy blood donor:
12 T (L) T (S) A (E) A (K)
17 T (L) T (S) A (E) A (K)
15 G (V) A (T) A (E) C(T)
CaSki cells” G (V) A (T) A (E) A (K)
SiHa cells” G (V) A (T) C (D) A (K)
HPV16R T (L) A (T) A (E) C(T)

“ Positions available in the E6 (nt 350, 362, and 442) and E2 (nt 3684) PCR products. N, ambiguous G or T. Letter in parentheses, a resultant amino acid residue

in HPV16 E6 or E2 protein.
® Both CaSki and SiHa cells are HPV16-positive cervical cancer cell lines.

tissue (43, 45). The latter observations raise questions as to
how HPV could localize to these organ tissues given the lack of
direct infection and the historical presumption that HPV vire-
mia and hematogenous dissemination do not occur.

Perhaps there is no better interpretation than the finding of
HPV DNA in PBMCs to address how HPV could spread and
infect epithelial cells in other organs. Previously, several labo-
ratories have demonstrated that HPV DNA could exist in
PBMC:s of patients with genital HPV infection (29), in the
peripheral blood of patients with cervical cancer (15, 17, 28,
40), and in the sera or plasma of patients with cervical cancer
(9, 22) or head and neck squamous cell carcinoma (5). How-
ever, HPV DNA detected in the peripheral blood has histor-
ically been presumed to have originated from metastasized
cancer cells in the blood or from virus-containing cell debris
being shed into the blood from local HPV infection. Our study
demonstrates that the HPV16 genome exists in PBMCs of
pediatric HIV patients who acquired HIV infection via trans-
fusion and vertical transmission (one patient with a history of
transfusion before sampling) and who were, according to clin-
ical history, sexually naive. Further study demonstrated that
the HPV16 genome is also present in PBMCs of “healthy”
blood donors, suggesting a potential for transmission via the
bloodstream. To our knowledge, these HPV DNA-positive
donors had no clinical complaints or history of genital HPV
infection when their blood samples were drawn. However, the
possible existence of asymptomatic HPV infection in these
donors at the time of blood sample donation cannot be ex-
cluded. More importantly, the presence of HPV DNA in
PBMC:s in this study, albeit at a low DNA copy number, is very
unlikely to be a result of cross-contamination since extremely
stringent criteria had been used to establish HPV DNA posi-
tivity (see Materials and Methods) and subsequent HPV se-
quencing confirmed the detection of unique HPV variants dis-
tinct from laboratory strains.

Although the HPV genome replicates as an episome in be-
nign and most preinvasive lesions, it is integrated into the
cellular DNA in most cancers. Prior to integration, the episo-

mal, circular viral genome undergoes linearization by a break,
which most frequently occurs in the E2 region (18, 39). Thus,
the viral E2 gene is often disrupted during HPV DNA inte-
gration. In this report, we show that the HPV16 genome in all
PBMC:s positive for HPV DNA has an intact E2 and thus exists
as an episomal form. This conclusion was further supported by
the presence of circular HPV16 genome forms with a head-to-
tail linkage in all HPV16-positive PBMC DNAs. Most inter-
estingly, the episomal HPV16 genome in the PBMCs described
in this report can be grouped into two subgroups based on
nucleotide sequence variations in the E6 and E2 regions. Al-
though mutations in nt 350 and nt 442 in the E6 region and nt
3684 in the E2 region of HPV16 have been documented (23,
37, 42), one subgroup of HPV16 genome characterized from
PBMC:s in our study contains an additional novel mutation at
nt 362 (A to T) which has not been reported before. HPV16
intratypic heterogeneity has been an important focus of phy-
logenetic studies, and the distribution of HPV16 variants has
been geographically grouped into five distinct phylogenetic
branches: European, Asian, Asian-American, African-1, and
African-2 (6, 13). Recently studies suggest that HPV intratypic
sequence variation might be a risk factor for the development
of high-grade cervical intraepithelial neoplasia (44) and differ-
ent forms of cervical cancer (4). Specifically, women with
HLA-B*44, HLA-B*51, or HLA-B*57 who were infected with
the HPV16 E6 variant L83V had an approximately four- to
fivefold-increased risk for cervical cancer (47). Thus, it will be
interesting to know whether the two subgroups of HPV16
variants identified from PBMCs in our study are biologically
different from other common variants in pathogenicity and
immunogenicity.

The results from this study have important implications re-
garding HPV transmission and pathogenesis. However, we
were unable to detect HPV transcripts from HPV DNA-posi-
tive PBMCs or to define which cell subpopulation (monocytes
or lymphocytes) preferentially harbors HPV genomes, indicat-
ing that PBMCs likely function as nonpermissive carriers. Al-
though detection of HPV DNA in PBMCs is not synonymous
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with the presence of virions in these cells, its association with
PBMC:s in this study cannot be attributed to malignant lesions
as has been previously hypothesized (9, 22, 28, 40). Since
PBMCs migrate to sites of tissue inflammation and also take
up microorganisms from tissues or the bloodstream, we spec-
ulate that PBMCs execute this function for HPV infection, as
they do for many other viral infections. Consequently, PBMCs
might serve as a source of HPV in the infection of epithelial
cells and contribute to their nonsexual spread. However, ad-
ditional work is needed to confirm this as a possible mode of
HPV transmission. Further studies of specimens from linked
donor-recipient repositories will be essential to establish a
direct linkage.
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